in no less than 70 per cent. of cases, fatality figures which more than double those of almost any recorded epidemic of acute poliomyelitis (infantile paralysis). Exhaustive histological examination of much human and animal material showed changes in the nervous system resembling in general respects those of acute poliomyelitis, but differing inasmuch as they were always widespread and the changes in the brain were always as great as, if not greater than, those in the spinal cord. Lastly, by a long series of experiments we have shown that the disease can be communicated by. intracerebral inoculation of an emulsion of brain and spinal cord not only to the monkey but to the sheep, horse and calf. Monkeys (Mfacacus rhesus) " took " with regularity; sheep, on the other hand, showed some immunity, while experiments on horses and calves were insufficiently numerous to allow judgment on the point. We regard this susceptibility of the sheep, horse and calf as of the highest importance, because so far as we can gather the kindred disease, acute poliomyelitis, has never been experimentally communicated to any of these animals, though attempts have been made to do so.
These then were the conspicuous features of this disease as discovered at the bedside, unde~r the microscope and by experiment. We can now proceed with our thesis, the epidemiology of the disease, which is full of interest and may be discussed under the following headings:
(1) Season and climate.
(2) Natural diseases in animals in the affected districts.
(3) The ppossible existence of an intermediate (invertebrate) host.
(4) The supposed means of conveyance from human being to human being.
(5) Connexions between cases.
(6) Prevalence of cerebro-spinal meningitis and acute polioinyelitis during the years 191]7 and 1918.
(7) Possible connexion with influenza.
(1) SEASON AND CLIMATE.
The incidence of the disease in relation to season and climate in New South Wales is remarkable. As regards the former, attention was first directed to the occurrence of cases in February, 1917 , that is towards the end of the hot, dry summer season. Information afterwards obtained suggested that occasional cases had occurred in the previous December and January. More cases, indeed the majority, appeared in March and April, and during May recognizable acute cases gradually disappeared. The disease therefore had a seasonal incidence, falling in the latter part of summer and in autumn, and apparently completely disappearing with the onset of cold winter weather. In January, 1918, cases again appeared, becoming numerous during February and March and disappearing in April, in contradistinction to the disappearance in May of the year 1917. The areas in New South Wales in which these cases occurred usually have dry summer weather followed in the autumn by clear, bright and bracing days with cold and sometimes frosty nights. In the coastal districts of the same State the temperature in summer is lower and the humidity much greater, whilst the autumn is muggier and milder. It will be seen, therefore, that as regards season the incidence of the disease was in months characterized by relative dryness and a bracing atmosphere. Ordinary "acute poliomyelitis" (the Heine-Medin disease) has also a late summer and autumnal incidence, though apparently not necessarily requiring dry and bracing climatic conditions. Cerebro-spinal meningitis on the other hand is prevalent chiefly in the spring months of the year. Next regarding climate: New South Wales may be roughly divided into three zones-one east of the Dividing Range where the coastal climate is found, one which has a heavy rainfall, and is mild in summer, while the autumn may be described as muggy-it is in fact a sub-tropical belt. A second, comprising the highlands of the Dividing Range, possessing a climate which in summer is warm, even hot, by day, but cool by night; in autumn dry, cool and frosty; in winter, cold and bracing with snow in places. And thirdly, there is the extensive area west of the Dividing Range which has a hot and dry summer, a mild autumn with cool or cold nights, and a winter'with many bright sunny days and a cool bracing atmosphere.
Along the coastal part and on the highlands of New South Wales no indigenous cases of encephalomyelitis have with certainty been recognized.' The definite cases have all been confined to the western part of the State, sharply differentiated from the two other climatic sectors by its relative dryness combined with high summer temperatures. This leads up to another point which we wish to emphasize, namely, the remoteness from one another of the towns or districts affected. We may help to explain this by saying that settlement in the western part I A single case occurred in Sydney after the epidemic in the country had ceased.
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of New South Wales is almost entirely along railway systems which radiate from Sydney as a centre and pass through the highlands to debouch on the plains. The only exception to this is in the case of Broken Hill, situated in the extreme west of the State and the terminus of a railway radius starting from Adelaide, South Australia. There are three main railway arterial trunks reaching the western portion of New South Wales-namely, the North-western, the Western and the Southwestern. As yet there is little cross communication between these main trunks, or even between their subsidiary branch lines. Such intercommunication as does exist is in proximity to the highlands bounding the eastern side of the western plains. As settlement is dependent so much upon railway communication, the population is chiefly distributed in proximity to railway lines, and though small townships and large individual holdings fill up the spaces between the radii of the railway lines, the population of these parts is relatively very scanty. Coinmunication between one -main railway radius and another is almost entirely brought about through transit to Sydney and thence out by theother radius. It is true that by means of motor cars, teamsters, wagons and so on, there is a certain amount of communication between the settlements lying along adjacent radii, but the number of individuals thus passing from one to the other, compared with the number going via the metropolis, is very small. Further, the connexion between settlements along these railway radii and Broken Hill is almost entirely carried out by a devious journey, first of all to Sydney and thence to Melbourne and Adelaide and so by rail to Broken Hill. The number of individuals passing directly from the western railway lines of New South Wales to Broken Hill by motor car and other means is exceedingly small, the intervening country-several hundred miles in extent-being almost uninhabited.
We now come to the extraordinary fact that in 1917 cases of encephalomyelitis appeared, almost simultaneously, in towns along the North-western system of railways-e.g., Narrabri, Moree, Mungindi, &c., along the Western system, especially at Bourke; and at Broken Hill-three centres, hundreds of miles from one another. Apparently cases also occurred in the neighbourhood of Brisbane, and Breinl reported them at Townsville. (It is to be noted that the climatic conditions of these two Queensland towns are tropical and sub-tropical -i.e., mild and muggy, in contradistinction to the districts affected in New South Wales.) Then, again, in 1918 cases occurred, almost simultaneously, in the Narrabri district along the North-western Section of Epidenziology and State Medicine line; at Coonamble, on a branch of the Western line; and at Broken Hill, where the incidence was severe. Apparently the same disease was also reported from the Goulburn Valley in Victoria, a district with a cooler climate than the affected parts of New South Wales. A little later cases were reported from the South-western railway system of New South Wales, more especially from the Narrandera district. During the autumn of this year the disease apparently occurred along the Western line in Queensland, which runs out from Toowoomba; also further cases occurred in Brisbane.
Reviewing the occurrence of these groups of cases it is most important to note that the disease appeared almost simultaneously in widely separated districts having little direct communication with each other but enjoying for the most part the same kind of climate. For one of these various districts to have been infected from the other, the most likely route of conveyance of the infection was undoubtedly through Sydney. In other words Brisbane, Narrabri, Bourke, Narrandera, the Goulburn Valley in Victoria and Broken Hill are so situated that almost all passengers between these towns or districts must pass through the metropolis of Sydney. This would mean that if the virus were conveyed by human " carriers " from one district to another, these " carriers," in the great majority of instances, must have passed through Sydney before reaching the other focus of dissemination. Further, there must have been in Sydney far more " carriers " than were ever redistributed back again to the western districts of New South Wales. Presumably, therefore, Sydney must have been heavily seeded by " carriers" and yet, in spite of such heavy seeding, Sydney yielded no grave or fatal typical indigenous cases of the disease. A permissible corollary is that the chief protecting influence in Sydney were the different climatic conditions existing there compared with those of the other parts affected. It is further probable, since the disease can hardly be considered as having originated de novo in western New South Wales, that it was introduced originally from overseas, and that its " carriers" passed through Sydney before reaching the western parts of the State to find there a favourable nidus for the spread of the disease. As far as the evidence available shows, climatic incidence is more strikingly displayed in the case of this disease than in any other of which we are aware, except those diseases whose climatic occurrence is dependent upon the existence of an intermediate host of the virus, this host being dependent upon certain climatic factors for its development. As is shown elsewhere the balance of evidence as regards " X disease " is very strongly against the existence of any such intermnediate (invertebrate) host. Some other explanation therefore must be sought, but as yet does not seem to be forthcoming, beyond the vague ineaning conveyed in the expressions "climatic " and " seasonal."
It may be noted, finally, that the incidence of the disease synchronizes with the advent of the hottest part of the summer (January), making it appear that heat is in some way necessary to the propagation of the virus. Out of which the suggestion given by Sydney Smith {" Infantile Paralysis in the Wellington Health District, New Zealand") is worthy of consideration-namely, that just as certain poisonous and disease-producing moulds thrive in warm weather, so also may the organisms of acute poliomyelitis and " X disease." Indeed for all we know it may have its normal habitat in grasses and other vegetation.
The proved susceptibility of the sheep, horse and calf to " X disease," and the possibility that these animals are hosts of the virus make this suggestion more plausible. At any rate it is a speculation for experimental settlement, and we regret that we have not had the opportunity of examining the nervous systems of more animals dying under suspicious circumstances in the affected districts and of making the needful search for the virus.
(2) NATURAL DISEASES IN ANIMALS IN THE AFFECTED DISTRICTS.
As has been mentioned, we have been able by intracerebral inoculation of virus-containing material unmistakably to convey the disease to monkeys (Macacus rhesus), sheep, a calf and a foal. But long before these results were obtained, and, as a matter of course, we made inquiries as to the occurrence of natural cases of nervous disease in animals in the affected districts, and did so because such inquiries have nearly always been made by investigators into various outbreaks of ordinary acute poliomyelitis, with the result that in some instances obscure nervous diseases have been recorded-as co-existent in domestic animals.
The mammals, domestic or wild, occurring in the districts with which we are concerned comprise the following: Horses, cattle, sheep, pigs, camels (in the extreme west), dogs, cats, rats (Epimys rattus or norvegicus), mice (Mus musculus) and rabbits. These come more or less into contact with human beings. In addition may be mentioned such wild animals as the dingo (Canis dingo), foxes and various marsupials, which rarely come into contact with man. As regards birds, domestic poltltry, including fowls, turkeys, ducks and geese, may be mentioned.
Horses.-We have received information of the occurrence of a nervous disease in horses at Narrabri. Thus Mr. Charles White, Inspector of Stock, states that more than once, at about this time of year (i.e., the beginning of March), several head of horses so affected have died in this district within a few days of each other; others recovered from the same disease. This occurred in both the years 1917 and 1918; again, several years ago, on H. Station, ten or twelve young draught horses died, but others were sick and recovered. All these were said to have had " muico-enteritis." But amongst the symptoms some were suggestive of tetanus. Thus convulsions occurred and the animal was nervous if approached and very timid. There was also a tendency to fall down, and eventually the horse would fall on one side. The conjunctiva was reddened. Recently (1918) four or five horses on the Narrabri Common had been affected and two foals had died. A post-mortem examination on one of these showed " acute muco-colitis." Mr. White also mentions that cattle at different times died in the same way. He had recently heard of two head so dying, and a man near Baan Baa had had some sick animals. These cattle sometimes became paralysed in their hind quarters.
Dr. Park, of Narrabri, has kindly supplied the following information concerning a mare of his, about 3 years old, which was taken ill on February 23, 1918. The first symptom she manifested was running round and round when driven. Two hours later the animal was very nervous, seemed always to turn to the right, had an inco-ordinate gait, at times suggestive of weakness in the hind quarters, apparently could see only very indistinctly, and had great respiratory distress. The abdominal muscles were strongly contracted, and the "whites " of the eyes pink. She was able to eat hay well. When driven to water the excitement caused by the driving apparently prevented her from going actually' to the water; forty-eight hours later, however, she was able to drink. During the course of the illness she appeared to be able to see sufficiently well not to .run into a fence. Though usually a quiet animal it was impossible to catch her; only on the third day could she be approached sufficiently closely to be touched, when she flinched and staggered and almost fell down. She walked with her head held high and had a tendency to turn it to the rigbt. There was no spasm of the nictitating membrane. When standing she was continually switching her tail. There was no noticeable jaw spasm. She yawned several times, the mouth being opened widely. She improved a little during the next few days-and became less excitable, though the respirations were still distressed: On February 27 she was let out to water but would not go to it, though she had not drunk since the evening before. She wandered about half a mile .through the paddock, and early in the afternoon was found lying on her side in an old shallow ensilage pit. Perhaps she had gone there to roll in the damp mud. She was pulled out and struggled violently, rolling right over. During the night she died. From the condition of the ground around it was evident that she must .have struggled violently.
A post-mortem examination was held at 11 a.m. on February 28, the carcass being then in a good state of preservation and not as yet " blown up." The vessels of the brain were found decidedly congested, though those of the pia mater on the dependent side of the cerebral hemispheres were more distended than those on the other side. There seemed also to be slight congestion of the vessels of the spinal cord. The abdominal and thoracic organs seemed to be normal. The lungs showed no evidence of pneumonia, the liver was normal, the spleen was not engorged, and an external examination of the intestines showed no evidence of any lesions therein. The mesenteric glands were not noticeably enlarged. Histological examination of the brain and spinal cord showed no lesions definitely suggestive of encephalo-myelitis. A monkey (A 42, M. 3820) was inoculated intracerebrally, on March 6, with a glycerine emulsion of the brain and spinal cord and remained quite unaffected. It seems clear, therefore, that this horse did not suffer from the same disease as affected the human beings.
In our notes on Case 39, 1917 series, Boggabri district, there is a reference to several horses, in the neighbourhood where the case occurred, having recently been affected with a disease in which " paralysis" appeared, several -of them dying. In connexion with Case 16, 1918 series, Broken' Hill district, a horse which became " stiff in the hind quarters " had died five months previously.
Sheep. Throughout the north-western districts of this State a nervous disease known as " staggers " occurs, but a definite connexion between this and the human disease cannot be traced. Moreover, the clinical and histological features of " staggers " do not agree with those of encephalomyelitis as experimentally produced by us in the sheep. Bearing on this we submit some reports on " staggers." The following description of an outbreak is taken from the " Third Report of the Bureau of Microbiology for 1912," in an article by one of us (J. B. C.) on "Plants Poisonous to Stock" " An outbreak of this disease occurred amongst sheep and other animals at Emmaville in 1911, and a short account of the symptoms and the results obtained was recorded in the Second Report of this Bureau. It would appear that goats, sheep, cattle and occasionally horses had been affected and also some of the native marsupials. Certain infected paddocks seemed to be implicated, and the fact that animals had been allowed to browse on such a paddock for a period even as short as two hours seemed from the information to be sufficient to produce the disease.
" The following account of the symptoms was compiled by Mr. Max Henry, M.R.C.V.S., of the Stock Department: 'When approached, an affected sheep which was lying down tried, but was unable, to rise. It struggled convulsively and its breathing became rapid. When left alone and watched from a distance, it rose after a time and appeared to walk stiffly and without full control of the hind quarters. The head was continually shaking up and down. The first symptom usually seen was stiffness of the hind quarters, then humping of the back, a rather marked tympanites in many cases, and convulsive fits, the animal falling down, and the legs being stiff. Later it would rise, unless it fell in a difficult place, when it would die. A goat, on being approached, ran stiffly, both hind legs were brought forward together in jumps although the fore legs trotted, and there was want of control over the hind quarters. After running a few steps it collapsed, and rolled over on its side and lay there kicking, with the head somewhat drawn back. When left alone it rose after a while, but again the up and down movement of the head was noticeable. The post-mortem appearances and sections of the tissues failed to indicate the nature of the disease.'
" Local owners regard a certain plant, which Mr. Maiden has identified as the grass, Echinopogon ovatus, as being responsible for the disease. Specimens of the plant collected at the time and pressed as herbarium specimens were submitted a few weeks later to microscopical examination by Dr. T. Harvey Johnston, who found mycelial strands, possibly those of an Endoconidium, in various parts of the seed coats, but no fructifications. " The similarity of the symptoms of the Emmaville disease with those of La Tembladera, in the Andean region of South America, is striking, and this is accentuated by the fact that in the American disease a grass is also implicated. In this grass the mycelium of a fungus has been found, which Rivas and Zanolli have named Endoconidium tembladera, and which would seem to be closely related to Endoconidiurm temrtlenturm of the poisonous grass Lolium temulentunm."
In 1900 Mr. (now Professor) J. D. Stewart' also reported on an outbreak of " staggers " in sheep at Narrabri, in New South Wales, and mentioned shivers in horses, ascribed to Stachys arvensis or palm weed, as being a similar disease, especially as the symptoms only become manifest on exertion. He says that the country where the " staggers " in sheep occurs is on alluvial flats and plains of rich soil, extending back from the Namoi River, between Narrabri and Wee Waa, to a distance of about 8 miles. In the district there had been a series of severe ' Agricultural (4az. of New South Wales, xi, p. 1112. droughts, and the land in many places was quite bare, and in others covered with a short patchy growth with little or no grass. In November there was a fall of rain, and some herbage came up. Since then the sheep had lived mostly on marsh mallow and the seeds of trefoil and other herbs which they picked off the ground. They kept in fair condition, and were mainly merino and Lincoln sheep or crossbreds. The disease had been noted for some time, being more prevalent during the past two years and was now fairly common. It affected all sheep from four months old and upwards. Sheep in prime condition appeared to take the disease more readily than others. Out of 500 sheep in a fold three were picked out as not being healthy by the stiff manner in which they walked. On releasing the sheep all came out lively, but after being driven 200 yards three tailed out, and walked in a peculiar stiff manner with back arched and nose poked out. After driving the flock for half a mile, about 2 per cent. showed evidence of being affected. On trying to drive an affected sheep farther it would go a short distance and throw itself down exhausted. If further urged it would rise and travel a short distance and go down again. Allowed to rest thoroughly it would get up and walk a considerable distance if not interfered with. If hustled they would go down more and more quickly. When then put on their feet the trembling or shivering of the muscles of the legs occurred. In this stage the temperature would be 1050 F. to 108°F.,^breathing hurried (about 100 per minute) and often oral; pulse weak and rapid, 140. The mucous membrane of the mouth became blanched. The legs were perfectly mobile and the muscles supple. There was no evidence of pain. No paralysis was present, as after a rest the sheep could move freely and jump logs. The condition appeared to be one of temporary prostration attended by high temperature, weakness of the heart's action, and difficulty in breathing. Post-mortems were made on two cases; some strongyles were found in the fourth stomach of one; the spleens in both were a little enlarged and darker than normal.
A similar disease occurred at Rowena in November, 1910, but a histological examination of the nervous system showed no signs of X Disease." Dogs.-In connexion with Cases 21 and 22 of the 1917 series, two dogs belonging to the family are said to have died from convulsions about the time of the children's sickness. One of these, which used to follow the sheep, took fits and died, and next day the second dog also took fits and died during the following night.
Cats.-A sick cat, which had not been paralysed, is rnentioned as having died a week before Case 2, 1918 series, Broken Hill, became ill.
Fowls.-Spirochaetosis is common in some, if not in all, of the affected distric'ts. Fowls actually suffering from the disease were found near a house from which a human case of encephalomyelitis had just been removed. This disease and the fowl tick (Argas persicus) are more fully dealt with in the next section. From time to time it has been suggested that acute poliomyelitis might be transmitted from victim to victim by means of such an invertebrate host of the virus as Stomoxys catlcitrans, the stable fly. But whilst in occasional instances transmission by such an insect seems to have been achieved, the balance of evidence, both from experiment and observation, is very strongly against such an insect transmitter being the ordinary means of conveyance. In the disease under consideration it was nevertheless necessary to hold under suspicion and seek out every such possible potential intermediate host.
An invertebrate host, if such exists, may conceivably play one or more of the following roles: The invertebrate may transmit the virus from human case or human " carrier " to human case, or it may transmit the virus from animal reservoir to a human case; further, the invertebrate host may transmnit the virus by blood-sucking, or indirectly by the ingestion of infected material from discharges; still further, the virus may conceivably multiply in the supposed invertebrate hQst, either by undergoing a cycle of development or merely directly increasing in number; or finally, the invertebrate may merely act as a temporary vehicle just like an inanimate object.
It was first necessary to ascertain the occurrence of all invertebrates that might conceivablv play one or other of the above mentioned r6les. Careful investigation showed the presence of the following invertebrates, coming under this category, in the affected districts, namely fleas, probably Ctenocephalus canis and Pulex irritans; bed bugs, Cimex lectularius; the stable fly, Stomoxys calcitrans; mosquitoes, Culex fatigans and probably Culicelsa annulirostris, and though rarely Nyssorhynchus annulipes, and perhaps some other species; 'tabanids; head and probably bodv lice-all of these being known suckers of human blood; fowl ticks, Argas persicus, which probably occur throughout the affected districts, but are not with certainty known to bite man in Australia; the house fly, MTusca domestica, common in houses throughout the affected districts, and having access to the excretions of man; Fanntia canicularis, the lesser house fly, probably chiefly outside houses; the bush fly, Miusca vetustissima, which commonly and especially delights in sucking the secretion from the eyes; the blow flies Anestellorhena augur and Pollenia stygia, probably widely distributed throughout the district and having a special predilection for feeding on human faces as well as blowing live sheep.
As far as we can see these comprise all the invertebrates that can with reason be considered as possibly playing the part of an intermediate host.
In reviewing these invertebrates it will be seen that they can be divided into two classes, namely, those which remain permanently in the neighbourhood in which they are produced, anrd those which are easily transported from one locality to another. Manifestly those that remain in the neighbourhood of their development, could not, except under very rare and accidental conditions, be responsible for the transportation of the disease to a new locality, though they might be responsible for the spread of the virus when once introduced. Thus Stomoxys calcitrans, house flies, blow flies, March flies, mosquitoes and fowl ticks are only rarely transported from one locality to another; they are in fact transported by man over long distances so infrequently that they could not reasonably account for the distribution of so many cases miles away from other human habitations and in country towns in so many districts.
The fleas mentioned, though occurring, cannot be considered numerous in the affected districts, and though frequently carried from locality to locality by man, cannot reasonably be held responsible for the spread of the epidemic.
Bed bugs are very frequently distributed in luggage from one centre to another. Dissemination of the disease by their means, however, would be slight; moreover cases of the disease have occurred in isolated households in which the occurrence of bugs has been denied and in which the truth of the statement was confirmed by personal and particular inquiry.
Particular attention was directed to the fowl tick, Argas persicus, as being the possible transmitting agent of the virus. This tick is well known as the conveyer of a specific fever of unknown nature in Persia. A short account of the fever is given in Castellani and Chalmers' " Manual of Tropical Medicine," (second edition, p. 949). Manson has suggested the possibility of this disease being due to a spirochaete. Castellani and Chalmers state that knowledge of the symptoms is very meagre. They add that severe pain is felt at the site of the tick bite, and that this is followed by remittent fever lasting from a few days to several weeks, accompanied by delirium and convulsions, and even at times ending in death. This vague description does not fit that of " X disease," though the occurrence of convulsions in both is of interest.
Our attention was specially focused on the fowl ticks by the knowledge that these are very widely distributed in the affected districts, whilst their ravages amongst fowls appear to be little known in such an unaffected district as Sydney. These ticks, however, occur in many other parts of Australia, where cases of the human disease did not appear. It was, however, a point of interest to note that at Narrabri and Boggabri fowls were dying from the spirochaotosis transmitted by fowl ticks, whilst cases of encephalomyelitis were occurring in man in the same places. As a remote possibility it was thought possible that the Spiroschaudinnia marchouxi of Nuttall, responsible for the disease in fowls, might have been accidentally transmitted to human beings and have been capable of multiplication in them and of producing consequent disease. In this connexion Levaditi sections were made of portions of the brain or spinal cord from two human cases, but spirochates were not detected; also some fowl ticks were collected at Boggabri in March, 1918, close to a house in which a fatal case of " X disease" had occurred. An emulsion of these ticks was made and injected intracerebrally into a monkey (A43, M.3827) but without producing any ill effects. The human disease was later conveyed to this monkey by the inoculation of further material derived from another monkey, showing that it was not immune. It may be pointed out that the histological lesions occurring in encephalomyelitis are of a kind that might be expected to arise were a spirochaete responsible for the disease.
From this short review -,of all possible intermediate vectors, it will be seen that none can be looked at with even the slightest suspicion as playing such a r6le. There have probably been few investigations into diseases such as this in which such intermediate vectors can with greater likelihood be eliminated. This is due to the sparsely-populated nature of much of the affected country, and to the relative absence of noxious invertebrates in the neighbourhood of man in this part of Australia.
(4) THE SUPPOSED MEANS OF CONVEYANCE FROM HUMAN BEING TO HUMAN BEING.
Though we have shown that amongst domestic animals in Australia no natural disease can, as yet, be recognized as resembling encephalomyelitis (" X disease") of man, this does not necessarily exclude the natural occurrence of the virus in some of such animals. The virus might or might not produce recognizable. symptoms in such an animal host, and yet, on transference to a human being, it might be capable of producing lesions. Assessing the known facts, however, there does not seem any reasonable likelihood of such an animal reservoir for the virus. Though in the majority of the cases no apparent association, direct or indirect, with other cases can be established, yet, in a few instances, such association seems clear and distinct. Details of these are given in the next section.
Failing, therefore, any regular and definite association between new and antecedent cases, human intermediaries, if existing and necessary for the distribution of the disease, must have manifested no signs, or very slight signs of illness, and been in many cases secondary or more remote carriers. The extensive seeding of widely separated areas, connected chiefly with each other through the metropolitan district, which was unaffected, suggests that human carriers were numerous, and also, consequently, that those individuals developing the disease formed but a small portion of those who actually harboured the virus from time to time.
Our experimental work in sheep would suggest that in the case of inan, even after the virus has gained entrance to the nervous system, it is possible that it may not be capable in certain individuals of producing any signs of the disease and it may be that only here and there a susceptible person is met with who reacts to the virus in a way provocative of disease, assuming that the intense congestion and the perivenous cellular sheaths in the central nervous system are chiefly responsible for the signs and symptoms.
As the evidence seems fairly conclusive that there is no insect vector responsible for the disease, and as there is no evidence of an animal reservoir of the virus, it seems impossible to avoid coming to the conclusion that the ordinary mpeans of spreading is by human carriers, who are often secondary or tertiary, or perhaps still further removed from the previous case.
(5) POSSIBLE CONNEXIONS BETWEEN CASES.
1917.
Cases 5, 12, and 13, occurring at Menindie, show a remarkable association with each other through a fourth person, who would seem to have been an intermediary, and who, it is stated, eventually developed the disease himself. Cases 19, 20, 21, 22, 23, 24 and 41 (Cases 19 and 20 were brother and sister, as were Cases 21 and 22).-In connexion with this group of cases, the following is suggestive of conveyance of the disease by the intermediation of a carrier. The information was supplied by a patient who had recovered from the disease, and was apparently well-known in the locality in which the incident occurred. It appears that after the death of one of the cases a religious service was held at which two boys were in attendance. Shortly afterwards one of these two boys developed the disease. There was no suggestion that this boy had seen the patient whilst alive or had actually come in contact with the dead body in its coffin. It is more probable that the infection was brought about by the intermediation of a carrier amongst members of the bereaved family in attendance.
As regards Cases 21 and 22 (N. family), the second child of which took ill on March 6 and died on March 10, a woman who had been living at N.'s house when the first of the two children became ill called later at West Narrabri on Mrs. M., the mother of Case 24.
Case 24 became ill on March 23 and died on April 1.
Members of the N. family visited the family D. in whose house the second case of the N. family became ill. The G. family (Case 23) were friends of the D. family, and Case 23 became ill on March 23 and died on March 28.
Cases 44 and 46.-These two children had been closely associated in play at Moree. The first became ill about February 19, and the second about March 3 or 4.
Cases 55 and 56.-These again were brother and sister. They became ill apparently almost simultaneously.
The following information is also available. The body of a child, M., was seen by C. just after death had occurred. Whilst at the house he was called for and taken in a motor car to another house. The youth who drove the car became ill about a week later and died apparently from this disease. He had not gone into the house in which the dead body was lying.
1918.
Cases 1, 11, and 22.-Case 1 was connected by intermediaries with Cases 11 and 22.
Case 4.-This patient appears to have been brought into close contact with another presumed case. A sister also apparently developed the disease.
Cases 5 and 25.-There is possible connexion between these two cases, the latter developing the disease a fortnight after the former.
Cases 5, 9 and 19.-There seems to have been some connexion between these three cases.
Case 14.-A significant point in this case is that three or four weeks before the child became ill another child had frequently played and even shared fruit with him. This child had left Broken Hill sixteen days before Case 14 became ill, and apparently developed the same disease as Case 14 at about the same time at Mildura.
Cases 20 and 21.-These w'ere sister and brother, and developed the disease -almost simultaneously.
Case 22.-Case 17, an earlier case, had lived in a hut beside the house occupied by Case 22.
Case 23.-There is a possibility of this case being indirectly connected with Cases 1, 11 and 13. Case 26.-There is possible connexion between this case and two previous cases, perhaps of encephalomyelitis, in the family J., through the intermediation of a 'bus-driver at Narrabri.
Cases 26 and 31.-The mother of Case 31 helped to nurse Case 26, who died on January 13, Case 31 becoming ill on March 2.
Cases 27 and 28.--These two families were very friendly with each other.
Cases 32 and 33.-These children had possibly been closely associated some days before they became ill.
Cases 36 and 37.-The father of Case 37 was a groom at the hotel where the mother of Case 36 stayed during her child's illness. Case 37 became ill about five weeks after Case 36. Case 47.-There is an interesting comment attached to this case, showing its possible conneexion with two previous cases, presumably of this disease. After Easter, 1917, a child died from a complaint very suggestive of encephalomyelitis. Shortly afterwarde the family, with the three other children, stayed at Warren at the house belonging to the parents of Case 47. While staying there another child of the same family became ill, but recovered quickly. Case 47 did not become ill until March 16 of the following year. These 'facts suggest the possibility of the visiting family having left a legacy of carriers at Warren, perhaps actually in'the family of Case 47.
Case 57.-There is a possibility that by means of intermediaries this child, living in the Hay district, was infected from the disease at Boggabri where the parents had relatives.
(6) THE PREVALENCE OF CEREBRO-SPINAL MENINGITIS AND OF ACUTE POLIOMYELITIS (INFANTILE PARALYSIS) DURING THE YEARS 1917 AND 1918 In New South Wales both cerebro-spinal meningitis and infantile paralysis are notifiable diseases. The occurrence and distribution for the whole State of cases, considered by the practitioner as one or the other, is therefore well-known during the course of these two epidemics of "X disease" in the period preceding -the first, in the interval between them, and in the months succeeding the second. The preceding compound table has been prepared to show the official notifications of cases considered by the attending practitioners to be either cerebro-spinal imeningitis or infantile paralysis. A list has also been prepared (vide Qfficial report 1) of those cases which we have either proved by histological examination to be encephalomyelitis (" X disease") or which from the clinical history and surroundings were almost certainly instances of this disease. This table will bear some discussion. First, as regards the notifications of cases of cerebro-spinal meningitis, it will be seen that in the year 1917, the Metropolitan district and Hunter River district both being excluded, those districts in which there were an unusual number of notifications were the districts affected by encephalomyelitis. Thus the relatively heavy incidence in the North-western district is a striking example, and it will be seen thatl many of the cases reported originally as cerebro-spinal meningitis were afterwards considered to be undoubted instances of " X disease." It is probable that the majority of those about which we have been unable to obtain further information were also similarly instances of this disease. The reason that in 1917 many cases were notified as cerebro-spinal meningitis was the inability at that time to place them in any other category. The clinical course of " X-disease " is almost identical with that of cerebro-spinal meningitis, the only point of difference being that on lumbar puncture clear fluid, instead of turbid fluid containing meningococci, is obtained. Practitioners therefore adopted the safe course of notifying them as cerebro-spinal meningitis, and it was only later when it was clearly established that the disease was not cerebrospinal meniigitis that such notifications ceased. It will be seen as regards this district that whilst the notifications of supposed cases of cerebro-spinal meningitis were numerous duxing 1917, they were very few during 1918, and yet cases of encephalomyelitis occurred in some of the same towns. Turning to the year 1918, it will be noticed that there was a slight increase in reported cases of cerebro-spinal meningitis in Yanko Shire, and it is very significant that during this vear undoubted cases of " X disease " occurred in this district for the first time. The inference is that a certain number of notifications of cerebro-spinal meningitis during 1918 were really instances of " X disease," as had been the case in the North-western district in the previous year.
Taken as a whole, it will be seen that undoubted cases of cerebrospinal meningitis, probably due to. the meningococcus, were comparatively ' Referred to on p. 185. 20a3 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from few in New South Wales during the years 1917 and 1918 when the outbreaks of " X disease" occurred.
As regards acute poliomyelitis (infantile paralysis), the official notifications bring out a point of very great importance. It will be seen that during the two years, 1917 and 1918, cases recognized by the general practitioner as being instances of this disease were remarkably few and were more or less uniformly distributed throughout the whole State. No more cases were reported during either year in the districts affected with " X disease " than in any other portion of the State. In other words, in the districts affected by encephalomyelitis (" X disease ") there was no undue prevalence of cases of ordinary infantile paralysis. Nothing can be more striking than the experience in the North-western district, where, during 1917, there were at least fifty-one cases of "X disease " and absolutely no cases of infantile paralysis. In 1918, again there were fifteen cases of "X disease " and only two notifications of infantile paralysis. The inference that might be drawn from these notifications is that the two diseases were distinct and not merely 'different focal manifestations of one and the same virus.
(7) TEE POSSIBILITY OF A CONNEXION WITH INFLUENZA.
We should not have thought it necessary to write under this caption had it not been suggested by others in discussing the British epidemic (1918) of " epidemic stupor" (encephalitis lethargica) that not only this but also the " mysterious disease" of Australia may be identical with the mysterious " Nona," described during the great influenza epidemic of the year 1890: in other words, that they all represent special varieties of influenza. In regard to this suggestion we can only say that the " mysterious disease " (encephalomyelitis, "X,") can be coupled with neither the " epidemic stupor " nor influenza in Australia.
We have not seen cases of " epidemic stupor," but gather from various publications that it is a form of infection which has a special tendency to attack the oculo-motor nuclei, and is specially associated with lethargy and stupor. Now, while somnolence is admittedly present in some cases of "X disease," oculo-motor paralysis is remarkable for its complete absence, and there are numerous other differences, while, as concerns influenza during the years 1917 and 1918, there was no epidemic of this disease in Australia. We may add that at the time of writing (March, 1919) , influenza is prevalent, but cases of " X disease" are not numerous.
